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Control of mRNA translation and localization plays an important role in many developmental contexts. In this
issue of Developmental Cell, Reveal et al. show through analysis of the oskar mRNA in Drosophila embryos
that regulatory elements within mRNAs can act in trans to influence the behavior of other mRNA molecules.It is very clear that many of the processes
involved in gene expression are intercon-
nected in cells. Could this networking
extend down to the level of individual
mRNAs, and do transcripts communicate
with each other in a manner that makes
a significant contribution to gene expres-
sion? If so, what are the ‘‘Nietzsche-
esque’’ principles that influence this RNA
herd mentality? In this issue of Develop-
mental Cell, Paul Macdonald and col-
leagues (Reveal et al., 2010) shed some
light on this question through investi-
gating the mechanism of regulation of
translation of the oskar gene, which plays
a major role in posterior body patterning
during Drosophila embryogenesis.
oskarmRNA is translationally repressed
until it becomes selectively localized to
the posterior pole of the oocyte. Previous
work has established that this transla-
tional repression is mediated in large
part by a set of sequence elements in
the 30 UTR that interact with the Bruno
protein. In their current study, Reveal
et al. first identify an unexpected role for
the poly(A) tail-proximal set of Bruno
Response Elements (BREs) in reactivation
of oskar mRNA translation and transla-
tional repression. A second series of ex-
periments led to a particularly surprising
observation that could have far-reaching
implications. As one might expect, they
found that an oskarmRNAwith amutation
in the important poly(A)-proximal BRE
cannot rescue body patterning in an oskar
deletion mutant embryo. However, sur-
prisingly, the same mutant transgene
can rescue body patterning and oskar
protein expression when produced in
Drosophila strains with endogenous oskar
alleles that accumulate mRNA with an
intact 30 UTR but do not produce oskar
protein due to nonsensemutations. These
results demonstrate a quite unexpected
capacity for ‘‘trans’’ complementation orrescue of a defective oskar mRNA by
another mRNA molecule.
A key question, of course, is how an
mRNA made from an oskar allele that
encodes no protein but an otherwise
intact 30 UTR can complement an oskar
mRNA that possesses mutations in a key
30 UTR regulatory element. Based on
previous work from the Ephrussi lab and
others, the most likely explanation is that
oskar mRNA is part of a multicomponent
mRNP structure that contains regulatory
RNA binding proteins and multiple copies
of the mRNA (Figure 1A). This large mRNP
may form a cytoplasmic body or granule
that enables coordinated regulation of
many copies of the oskar mRNA. The
plethora of RNP granules in cells (Ander-
son and Kedersha, 2009), the role Bruno
(Chekulaeva et al., 2006) and PTB/hnRNP
I (Besse et al., 2009) play in the assembly
of complexes with numerous copies of
the oskar mRNA, and the translational
regulation/RNA localization that can be
inferred from these complexes (Hachet
and Ephrussi, 2004) provide strong sup-
port for the idea that this type of mecha-
nism underlies what Reveal et al. refer to
as ‘‘trans regulation.’’ A variation of this
model is that instead of forming large
complexes containing a sizeable number
of mRNAs, trans regulation could be
mediated by smaller RNPs that contain
only a few copies of the mRNA. Negative
regulation by large or small RNPs could
be realized by spatial constraints prevent-
ing access of ribosomes or other factors
to individual mRNAs. Positive regulation
could occur via the recruitment of protein
factors such as cap binding proteins
(Lasko et al., 2005) by one component of
the RNP, which could then act on all the
constituent mRNAs.
Broadly speaking, there are at least
four additional models that could in prin-
ciple account for the trans regulation ofDevelopmental Cell 1mRNAs by other mRNAs in this or other
instances. First, key trans regulation do-
mains like the poly(A)-proximal BRE re-
gion could theoretically encode a miRNA
or other small regulatory RNA that is
serving as the trans regulator (Figure 1B).
While there is no evidence for any small
regulatory RNAs being generated from
this region in oskar, the possibility would
exist for any mRNA suspected of partici-
pating in trans regulation. Second, the 30
UTR region may require a specific RNA
structural element that usually forms via
‘‘in cis’’ RNA-RNA base pairing involving
the poly(A)-proximal BRE and another
region on the transcript, but could also
form via base pairing between RNA
regions located on independent oskar
mRNAs (Figure 1C). Third, it is possible
that trans splicing (or other mechanisms
to generate chimeric mRNAs; Li et al.,
2009) could occur between mRNA mole-
cules and allow the reconstruction of tran-
scripts with both an intact open reading
frame and intact 30 UTR regulatory
elements (Figure 1D). Finally, it remains
formally possible that the poly(A)-prox-
imal BRE region, in addition to being a
cis element for Bruno protein binding,
could also in and of itself form a structure
that can act as a trans-acting riboregula-
tor in a manner similar to protein domains
(Figure 1E). The functional versatility of
RNA is evident from its numerous enzy-
matic, structural, and regulatory activities,
somRNA domains serving as trans-acting
controllers of gene expression seems
entirely plausible.
There are a number of additional inter-
esting questions associated with the
findings from Reveal et al. First, how
widespread is mRNA trans regulation?
Examining the impact of the introduction
of mRNA variants that lack an open
reading frame on global gene expression
might provide some truly remarkable8, March 16, 2010 ª2010 Elsevier Inc. 333
Figure 1. Five Models for How mRNAs Might Regulate Each Other in trans
See text for further details on each model.
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Previewsfindings in this regard, and uncover addi-
tional mRNA-mediated regulation. Sec-
ond, could alterations in trans regulation
be associated with some of the changes
in gene expression associated with
‘‘toxic’’ RNAs such as expanded CUG
repeats in the DMPK gene and myotonic
dystrophy (Cooper et al., 2009)? Given
that disease symptoms in mouse models334 Developmental Cell 18, March 16, 2010 ªcan be at least partially recapitulated by
overexpression of a normal allele (Maha-
devan et al., 2006), examining the region
encompassing the CUG repeats for trans-
acting RNA domains may be warranted.
Finally, perhaps the majority of RNA
species, and not simply miRNAs and
other noncoding transcripts, are perfectly
capable of serving in a trans-acting regu-2010 Elsevier Inc.latory capacity. The recent finding that
tRNA fragments are associatedwith regu-
lated cell proliferation (Lee et al., 2009),
for example, and now the Macdonald
lab’s discovery of trans-acting regulatory
mRNAs, suggest just that. Regulatory
remnants of the prebiotic ‘‘RNA world,’’
and a herd-like mentality of mRNAs in
the cell, may be much more prevalent
than we currently suspect.REFERENCES
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